Abstract It is the most serious challenge to promote degraded grassland recovery currently facing the developing Tibetan Autonomous Region. We conducted field surveys of 75 grazing sites between 2009 and 2012 across the Northern Tibetan Plateau and described the spatial and climatic patterns of the occurrence of poisonous plants. Our results showed lower ratios of species richness (SprRatio), coverage (CovRatio), and biomass (BioRatio) of non-poisonous vs. poisonous plants in the semi-arid alpine steppe zone, where the growing season precipitation (GSP) is between 250 and 350 mm; however, this result is in contrast to the relatively wetter meadow (GSP >350 mm) and much drier desert-steppe (GSP <250 mm) communities. Results from generalized additive models (GAMs) further confirmed that precipitation is primarily responsible for the initially decreasing and then increasing tendency of compositional ratios of non-poisonous to poisonous species. The wide confidence bands at GSP <250 mm indicated that precipitation is not an effective indicator for predicting compositional changes in desert-steppe communities. When mean annual livestock grazing pressure was incorporated into the optimal GAMs, the model performance improved: the Akaike information criterion (AIC) decreased by 1.20 for SprRatio and 3.09 for BioRatio, and the deviance explained (R 2 ) increased by 6.0 % for SprRatio and 3.6 % for BioRatio. Therefore, more detailed information on grazing disturbance (timing, frequency, and density) should be collected to disentangle the relative contribution of climate change and grazing activities to changes in community assembly and ecological functions of alpine grasslands on the Northern Tibetan Plateau.
Introduction
The Qinghai-Tibetan Plateau is known as Bthe Third Pole^of our planet because of its harsh environment and high elevation (Zheng 1996; Qiu 2008; Yao et al. 2012) . Natural alpine grassland dominates this plateau and covers approximately 1.525×10 6 km 2 (Zhang et al. identified as the two primary anthropogenic forces that have driven grassland degradation since the 1980s in this region (Harris 2010; Yu et al. 2012; Li et al. 2013) . The degradation of ecological functions of alpine grasslands is characterized by land desertification (Yang et al. 2004; Li et al. 2013) , productivity decline (Wen et al. 2013) , and the invasion of locoweed (Liu et al. 2002; Lu et al. 2012 ).
In the context of ongoing climatic warming, continuing ecological degradation would adversely affect the local socioeconomic-environmental system (Long et al. 2008) and would also endanger human welfare in East China and Southeast Asia (Harris 2010; Yang et al. 2010; Cuo et al. 2013) , as the Tibetan alpine grasslands play as the most important ecological security for headwater regions of the main international rivers in Asia, such as the Yellow, the Yangtze, and the Lantsang-Mekong (Liu et al. 2002; Zhong et al. 2006 Zhong et al. , 2010 Sun et al. 2012) . Therefore, it is critical to prevent any additional degradation of healthy grasslands and to promote the ecological recovery of the degraded grasslands ).
The Northern Tibetan Plateau is the largest and most important pastoral region, where alpine grasslands cover 4.8×10 7 ha and accounts for approximately 59 % of the natural grasslands in the Tibetan Autonomous Region (The Bureau of Land Management of Tibetan Autonomous Region and The Bureau of Animal Husbandry of Tibetan Autonomous Region 1994). Local people call this region BChangtang^which means Bthe Northern High Plain^in Tibetan. There, the zonal landscape varies westward from meadows to steppes and to desert-steppes along an aridity gradient (Zheng 1996) . The most traditional land use in Changtang is that alpine grasslands are the joint management of alpine grasslands by multiple families and free traditional grazing by yaks, sheep, and/or goats throughout the entire year or during the warm seasons, providing the most basic livelihoods for local herdsmen (Wu et al. 2012) . Yu et al. (2012) and Sun et al. (2012) recently reported that between 17.2 and 35.7 % of natural grasslands in the Tibet Autonomous Region (between 11.43 and 29.28 million ha) were degraded in the 1990s. Around the year 2000, the scientists, the public, and the governments began to pay increasing attentions to those degraded alpine pastures. Since 2004, governments have launched a series of ecological restoration projects and economic conservation policies, such as the Livestock Grazing Exclusion & Rangeland Fence Construction and the Sustainable Control of Lagomorphs (Ochotona)-Damaged Grassland (Zhong et al. 2006 (Zhong et al. , 2010 Sun et al. 2012; Wu et al. 2014b) . The most recent government-funded policy for ecological conservation in natural alpine grasslands, initiated in 2011, aims to balance the actual stocking rates with potential grassland productivity, providing reasonable allowances for herdsmen who are required to reduce their herd size for the sustainable pasture management. However, it is necessary to identify the severity of grassland degradation across spatial scales from single sites to a large region to ensure that these ecological projects and economic policies are reasonable, feasible, and economical.
Previous studies on degraded grassland restoration primarily monitored either spatiotemporal changes in vegetation coverage or net primary productivity (NPP) based on the Normalized Difference Vegetation Index (NDVI) datasets at large regional scales (Chen et al. 2014; Zhang et al. 2014 ) or compared species composition and aboveground productivity in situ at a few local sites with adjacent pastures fenced and excluded from animal grazing for several years (Wu et al. 2012 (Wu et al. , 2013b (Wu et al. , 2014b Shang et al. 2013) . Miehe et al. (2011) have emphasized that the analysis of the patterns of anthropogenic disturbances cannot be performed with Landsat ETM+imagery, although it is currently available, and that the assessment or classification of grassland degradation in a given region requires more detailed field measurements. Remote sensing data, therefore, are not the most effective tool for determining whether a recovery in degraded grasslands has taken place under a specific protective management. In addition, there seems to be a discordance between the increasing trends in grassland productivity modeled-based remote sensing data over past decades (Chen et al. 2014; Zhang et al. 2014 ) and the increasing mortality among domestic animals as a result of locoweed invasion and dispersion ). Not all plants within a given community are suitable forage for domestic animals, and some locoweeds, such as certain species of Astragalus and Oxytropis, are even poisonous to young weanlings and pregnant dams (Cook et al. 2009; Jin et al. 2011; Lu et al. 2012) . In this study, therefore, we attempt to clarify the spatial pattern of alpine grassland degradation by identifying the ratios of the species richness, coverage, and biomass of non-poisonous vs. poisonous (noxious, at least) plants at the community level and across grassland types along environmental gradients on the Northern Tibetan Plateau.
The zonal distribution of alpine grasslands and the water use efficiency of dominant species are primarily controlled by precipitation over the Qinghai-Tibetan Plateau (Song et al. 2008; Wu et al. 2013b) . Increasing evidence from large-scale transect surveys demonstrates that precipitation (or moisture in the topsoil), especially during the growing season (May to September), primarily drives the spatiotemporal variations in the aboveground net primary productivity (ANPP) of alpine grasslands on this plateau Sun et al. 2013; Shi et al. 2014; Wu et al. 2014a, b) . Shi et al. (2014) found that interannual variations in ANPP decrease with increasing species richness and suggested that the conservation of diversity is important for maintaining the stability of ecosystem functions of alpine grasslands. Wu et al. (2014a) further found that plant composition with species categorized into xerophytes, mesophytes, and hygrophytes, which are distinguished by their different water-related ecological strategies, is as important as precipitation in explaining the spatial variation of the aboveground primary productivity of alpine grasslands on the Northern Tibetan Plateau. Wu et al. (2014b) also recently found that different plant functional groups differentially respond to the extended duration of protective grazing exclusions and that nonpoisonous plants apparently receive additional benefits and recover much more rapidly than poisonous plants when large domestic grazers are excluded. Because of the importance of precipitation in controlling the productivity of natural alpine grasslands and the differential recovery rates of different plant functional groups in these degraded alpine pastures, it is important to clarify how poisonous and non-poisonous plants respond to regional precipitation gradients before conservation measures and economic policies are implemented.
Therefore, we reanalyzed our field data collected in freely grazed alpine grasslands during the summers from 2009 to 2012. In this study, we define species compositional assembly in ratios of species richness (SprRatio), coverage (CovRatio), and biomass (BioRatio) between non-poisonous and poisonous plant groups. The aims are to determine the following: (1) whether there is any significant difference in the composition of non-poisonous vs. poisonous plant groups among alpine meadow, steppe, and desert-steppe communities; (2) whether community assembly relates to specific environmental factors including geographical location variables, climatic conditions, and soil properties; and (3) if such a relation exists, whether historical mean annual livestock grazing pressure (MALGP, sheep unit per ha grassland) affects the community assemblyrelated responses to the specific environmental gradient across the Northern Tibetan Plateau?
Methods

Study region
The Northern Tibetan Plateau Alpine Grassland Transect (NTPAGT) across the Changtang Natural Reserve was established in May 2009 (Li et al. 2011b; Wu et al. 2012) . This ecological transect extends approximately 1200 km from east to west with a mean elevation of over 4500 m and, from east to west, traverses three zonal alpine grassland types: (1) alpine meadow (AM), dominated by Kobresia pygmaea, Kobresia humilis, and Carex moorcroftii, where mean annual precipitation (MAP) is greater than 450 mm; (2) alpine steppe (AS), dominated by Stipa purpurea, Stipa capillacea, and Stipa subsessiliflora var. basiplumosa, where the MAP is greater than 250 mm but less than 450 mm; and (3) desert-steppe (ADS), dominated by S. purpurea, Ceratoides latens and Stipa glareosa, where the MAP is less than 250 mm (Fig. 1a, c) (Wu et al. 2013a) . Plants on the Northern Tibetan Plateau usually start to grow in early May but stop in late September; therefore, we defined this period as the growing season. Spatial patterns of mean annual growing season temperature (GST) and precipitation (GSP) from 1979 to 2008 (Fig. 1c, d ) were cited from Wu et al. (2013b) .
Survey design
We conducted field transect surveys for four times during the summers of 2009-2012 across the Northern Tibetan Plateau, when plants reach their peak aboveground biomass. There, most grasslands are traditionally managed by multiple families and freely grazed by yaks, sheep, and/or goats. In addition to some winter pastures nearby residential areas, domestic herbivores are herded year-round on these vast alpine pastures. During our field periods (no longer than 25 days each year), we randomly stopped once or twice every day at intervals of 50-80 km on our field way to survey the community structure in these grazing pastures. We collected species richness, plant coverage, and aboveground biomass data at 75 grazed sites, of which 33 sites are located in AM, 28 in alpine steppe, and 14 in desert-steppe ( Fig. 1) . At each site, we firstly chose a relatively homogeneous area of approximately 200 m×200 m to randomly place a 100-m transect line in a diagonal direction. Then, five 0.25-m 2 quadrats were systematically arranged at equal 20-m intervals along this transect (Wu et al. 2012 (Wu et al. , 2013a (Wu et al. , 2014a . We carefully identified plant individuals, visually estimated species coverage, and then cut the plants to soil surface using knives or scissors for biomass measurements. We sorted plant materials by species and kept them into individual envelopes. Finally, the plant samples were dried at 65°C for 48 h and weighed to 0.001 g in the laboratory.
We referred to the BFlora Xizangica^ (Wu 1983 (Wu -1987 for the Latin names of all species occurring at each site. According to the book of BGrassland Resources in Tibetan Autonomous Region^(The Bureau of Land Management of Tibetan Autonomous Region and The Bureau of Animal Husbandry of Tibetan Autonomous Region 1994), we classified all species into two groups: non-poisonous and poisonous (including noxious) plants to large domestic herbivores (Table 1) . The non-poisonous group includes grasses, sedges, and some forb species, which are highly or moderately preferred by livestock (Allen et al. 2011; Wu et al. 2014b) , and the poisonous group mainly includes leguminous locoweeds and other poisonous forbs, such as Thalictrum alpinum, Gentiana scabra, Lamiophlomis rotate, Stellera chamaejasme, Leontopodium nanum, and Androsace tapete (Miehe et al. 2011) . Next, we summed the species number, coverage, and biomass of poisonous vs. non-poisonous plant groups, respectively, from the five small quadrats along the 100-m sampling transect within each site. In this study, we did not consider the variation among the five 0.25-m 2 quadrats because its scale was too small, as our focus on regional patterns of community assembly between nonpoisonous and poisonous species in alpine grasslands. Finally, we calculated the SprRatio, CovRatio, and BioRatio of non-poisonous vs. poisonous plants at each site for the further analyses.
Potential abiotic explanations
Potential climatic explanations included three geographical location variables, three climatic variables, three edaphic variables, and one pasture management variable. The three climatic variables were GSP (GSP), ≥5°C accumulated temperatures (AccT), and habitat moisture index (HMI). We defined HMI as the ratio of GSP/AccT, which was accepted as a substitute for the habitat moisture condition in Wang et al. (2013) and Wu et al. (2014a) . To calculate these climatic variables, daily meteorological records of temperature and precipitation, annually from May to September 2009-2012, were downloaded for the 39 stations in the Tibetan Autonomous Region from the National Meteorological Centre (NMIC) of China Meteorological Administration (CMA). Then, daily temperature and precipitation surfaces were produced using ANUSPLIN 4.3 (Hutchinson 2004 ) and integrated as GSP and AccT. Next, values for each site were annually extracted from the two raster surface sets according to its geographical coordinates in ArcGIS 9.2 (ESRI, Redlands, CA, USA). Finally, the site GSP was divided by AccT as the HMI. Soil properties included topsoil carbon (SC) and nitrogen content (SN), which were cited from either Li et al. ( 2011b) or Wu et al. (2013b) . The soil C/N ratio was also calculated as a third edaphic explanatory term.
From 2009 to 2012, we did not get accurate information (timing, intensity, and frequency) regarding grazing activities at each sampling site due to the short fieldwork times and harsh abiotic environments on the Northern Tibetan Plateau. However, in in situ manipulated experiments, heavy grazing pressure likely affects community structure and ecosystem functions. Instead, we used the historical mean annual livestock grazing pressure (MALGP, the ratio of livestock size to available grassland area, sheep units per hm 2 grasslands) from 2003 to 2012 at the county level (Fig. 1b) . In this section, yearly livestock population was obtained from the Tibet Statistical Yearbooks (Tibet Autonomous Region Bureau of Statistics and Tibet General Team of Investigation under the NBS 2004 . To determine standard livestock sizes for these counties (Fig. 1b) , yaks were transformed by the algorithm of 1 yak/horse=5 sheep units. In the field survey 2014, we obtained the area of available grasslands for each county from local bureaus of agriculture and husbandry.
Statistical analysis
We initially examined differences in species richness, coverage, and biomass of non-poisonous vs. poisonous plant groups across grassland types using a one-way analysis of variance (ANOVA) with a least significant difference (LSD) test (P < 0.05) in SigmaPlot 12.5 (Systat Software Inc., Chicago, IL, USA).
In the following data exploration at the regional scale, we firstly checked the normality for all the three ratios from frequency histograms and normal density curves of both observed and simulated data with R (R Core Team 2014) (Fig. 6) . Here, we did not apply any data transformation for the three responsible variables because the relationship between responsible and explanatory variables might be changed due to data transformation. Instead, we hypothesized that the residuals of the best-fitted models are normally distributed and that the explanatory variables cause the non-normality (Zuur et al. 2009 ).
In the second step of data exploration, not only nonlinear patterns between responsible and explanatory variables but also collinearity between responsible variables were examined in our case (Fig. 7) . Therefore, we accepted the alternative solution of Zuur et al. (2009) that generalized additive models (GAMs) can cope with problems mentioned above. A linear equation can easily be extended into an additive model with multiple explanatory variables when smoothing functions are used to replace the slopes of the linear regressions:
The functions f 1 (X i ), f 2 (M i ) and f 3 (N i ) are smoothing functions of the explanatory variables X i , M i and N i respectively. More technical details on smoothing splines can be found in the book of Zuur et al. (2009) .
In the following steps, we applied GAMs with multiple environmental explanatory variables in the mgcv package to examine how the community assembly, SprRatio, CovRatio, and BioRatio of non-poisonous vs. poisonous groups, respectively, responded to the nine environmental gradients with R (R Core Team 2014). GAMs incorporated site geographical locations (longitude, latitude, and altitude), climatic conditions (GSP, AccT, and HMI=GSP/AccT), and soil properties (SC, SN, and C/N) ( Table 3 and Figs. 8, 9 , and 10). Then, we carried out a backward selection approach process to identify the optimal models. Specifically, we dropped the least significant term, refitted the model, and continued this loop until all terms were significant as suggested by Zuur et al. (2009) . Meanwhile, we followed the lowest Akaike information criteria (AICs), which is generally used to measure goodness of fit and model complexity, to pick out the best-fitted GAM. The lower AIC, the better the model fits the data.
Once the best-fitted GAM was selected, we added mean annual livestock grazing pressure (MALGP) as a factor. Thereby, we rebuilt a generalized mixed additive model (GMAM) with grazing being taken account. Finally, we compared the AIC values and the deviance explained as well as explanatory term significance between the GAMs and the corresponding GMAMs, for SprRatio, CovRatio, and BioRatio, respectively. We also applied an F test (Wood 2006) to compare the paired models between with and without MALGP. Thus, to some extent, we can infer whether grazing pressure affects the manner in which community assembly responds to regional environmental gradients across the Northern Tibetan Plateau.
Results
Differences in non-poisonous vs poisonous plant composition among alpine grassland types
There were considerable differences in the compositional contributions of non-poisonous and poisonous plants to species richness, coverage, and biomass among alpine grassland types at the community level (P<0.05, Fig. 2) . The species richness, coverage, and biomass of both non-poisonous and poisonous groups decreased significantly from alpine meadow to steppe to desertsteppe. The SprRatio, CovRatio, and BioRatio of nonpoisonous vs. poisonous plant groups first increased and then decreased from east to west as the natural landscapes shifted from meadow to desert-steppe (Table 2) . For example, BioRatio in alpine steppe was significantly lower than that in either alpine meadow or alpine desert-steppe (P<0.05). Similar patterns were also observed for SprRatio and CovRatio (Table 2) . Fig. 2 Comparisons of the mean a species richness, b coverage, and c aboveground biomass of non-poisonous and poisonous species and all plants pooled together at the community level among alpine grassland types, which are arranged from alpine meadow to steppe to desert-steppe, with a decreasing growing season precipitation gradient across the Northern Tibetan Plateau. Different letters over the bars of standard error (SE) indicate significance at P<0.05
Non-poisonous vs poisonous plant composition responses to regional environmental gradients Not all terms were significant at the 5 % level for the SprRatio, CovRatio, and BioRatio of non-poisonous vs. poisonous plants (Table 3) , and the estimated smoothing curves with the wide confidence bands for some of the environmental explanatory terms confirm this finding (Figs. 8, 9 , and 10). In the optimal GAMs, significant explanatory terms are shown in Table 4 , including only GSP for SprRatio; GSP and longitude for CovRatio; and longitude, latitude, GSP, and AccT for BioRatio. The estimated smoothing curves are shown in solid lines in Figs. 3, 4 , and 5. The deviance explained by the optimal GAMs was 62.2 % for SprRatio, 63.5 % for CovRatio, and 80.6 % for BioRatio (Table 5 ).
Effects of livestock grazing pressure on the community composition-environment relationship There were narrow changes in terms of significance, deviance explained, and AIC values after livestock grazing pressure was included in the optimal GAM as a factor (Tables 4 and 5 ). The estimated smoothing curves with grazing pressure incorporated in the additive models are shown in dashed lines in Figs. 3, 4 , and 5. For example, longitude was significant at the P<0.01 level but not significant (P=0.0361) after grazing pressure was incorporated in the additive model for CovRatio (Table 4 ). The deviance explained by the optimal GAM for SprRatio increased from 62.2 to 68.2 % with grazing pressure considered, and the AIC slightly decreased from 193.715 to 192.516 (Table 5 ). For BioRatio, the mixed additive model with grazing pressure seems to perform better than the optimal GAM, with AIC decreasing by 3.09 and R 2 increasing by 3.6 % ( Table 5) .
Discussion
It is widely accepted that alpine grassland plays an important role in the ecological security of the QinghaiTibetan Plateau and surrounding lowlands (Liu et al. 2002; Zhong et al. 2006 Zhong et al. , 2010 Sun et al. 2012) . Anthropogenic factors such as overgrazing and irrational land use have been reported as the main drivers of alpine grassland degradation on the Tibetan Plateau (Harris 2010; Yu et al. 2012; Li et al. 2013) . Climate warming and lagomorphs damage are also reported as causes of grassland degradation. In addition, the invasion of locoweed plants, such as the genera Astragalus and Oxytropis, is responsible for alpine pasture degradation on the northwestern Tibetan Plateau (Jin et al. 2011; Lu et al. 2012) . Sufficiently detailed information on the anthropogenic driving forces of grassland degradation cannot be extracted from available Landsat ETM+imagery but, rather, should be based on substantial field measurement indicators at a regional scale (Miehe et al. 2011) . Our multi-site field survey results showed that the most seriously degradation of alpine grassland was caused by the invasion of poisonous plants, primarily located in the alpine steppe zone, where GSP ranges from 250 to 350 mm ( Fig. 2 and Table 2 ), although MALGP is as low as approximately 0.137 and 0.741 sheep per hectare grassland in Nyima and Bangoin, respectively (Fig. 1b) . Our results were partially consistent with previous field investigations conducted by Wang et al. (2009) , who found that locoweeds of the genera Astragalus and Oxytropis extensively invaded in natural alpine desert-steppes and steppes on the northwestern Tibetan Plateau. We found that the nonpoisonous vs. poisonous SprRatio, CovRatio, and Longitude (°E), latitude (°N), and altitude (m); growing season precipitation (GSP, mm), ≥5°C accumulated temperatures (AccT,°C), and habitat moisture indicator (HMI, mm°C −1 ); and topsoil (0-20-cm depth) carbon (SC, %), nitrogen (SN, %), and C/N were all contained. The ratio of GSP/AccT was defined as a substitute of HMI in this study Estimated degree of freedom (Est. df), rank (Est. rank), F statistics (F value), and significance (P value) of explanatory terms were shown. A backward selection approach process was applied to find the optimal models. The least significant terms were dropped until all terms in the GAMs were significant F variance ratio and P significance were shown in italics BioRatio in alpine steppe dominated by S. purpurea were lower than in either alpine meadows dominated by K. pygmaea or alpine desert-steppe dominated by S. purpurea, Ceratoides latens, and S. glareosa (Table 2 ). The effects of dominant species and the local species pool size are likely responsible for the relatively higher ratios in alpine meadow and desert-steppe. The compacted turf and roots of the dominant species of K. pygmaea in meadows can limit the invasion and dispersal processes of poisonous legume plants with longer roots (The Bureau of Land Management of Tibetan Autonomous Region and The Bureau of Animal Husbandry of Tibetan Autonomous Region 1994; Miehe et al. 2011) . The humid climate in the alpine meadow zone allows K. pygmaea to coexist with other small grasses, sedges, and forbs, which results in higher nonpoisonous vs. poisonous ratios of species richness, coverage, and biomass. Wu et al. (2014a) recently reported that alpine desert-steppe has the poorest species pool (fewer than 4-11 species within an area of 200 m× 200 m) compared to alpine meadow (16-36 species) and steppe zone (6-25 species) on the Northern Tibetan Plateau. These ratios were dependent on both the numerator and denominator, and they can change if either the numerator or the denominator differs, or both are altered. Although non-poisonous species are very scarce in alpine deserts, poisonous species are even scarcer, which can also resulted in higher non-poisonous vs. poisonous ratios with respect to species richness, coverage, and biomass.
The following study of Baniya (2010) and his team in Tibet (Baniya et al. 2012 ) has pointed out that scale, environmental heterogeneities, stress, disturbance, and tolerance by individual species are the likely causes for these patterns. In our case, precipitation is the main driver of spatiotemporal variations of vegetation distribution and ecological functioning on the Qinghai-Tibetan Plateau Sun et al. 2013; Shi et al. 2014; Wu et al. 2014a, b) . Our results from the GAMs (Tables 3 and 4 ) further confirmed that precipitation has an important influence on compositional changes in the SprRatio, CovRatio, and BioRatio of non-poisonous vs. poisonous plants in alpine grasslands. However, we also found that the confidence bands for non-poisonous vs. poisonous ratios widened at GSP lower than 250 mm (Figs. 3, 4 , and 5). Therefore, precipitation might be weak in predicting composition assembly in alpine desert-steppe communities. No other abiotic explanatory variable was included in the final optimal additive models with narrow confidence bands for the alpine desert-steppe zone. Wu et al. (2014a) , whose study showed that species composition at the community level was related to species abundance-weighted water ecological strategies, reported that species composition has an equal explanatory power as precipitation with respect to the spatial variation of vegetation productivity across the Northern Tibetan Plateau. Therefore, perhaps, we should consider species traits or strategies for more reasonable explanations of the higher ratios of non-poisonous vs. poisonous plants in alpine desert habitats, where precipitation is less but temperatures are higher, as legumes generally have longer roots and smaller specific leaf area and are more adaptable to drier climates than other grasses and sedges. In addition, we must keep in mind that so serious drought stress in the alpine desert zone likely limits the sexual reproduction of Astragalus and Oxytropis (Wu et al. 2013a) . Yu et al. (2012) noted that in addition to climate warming and declining precipitation, locoweed invasion was likely caused by the dramatic increase in the number of livestock since the 1980s. Experimental evidence also suggested that climatic drying induced by warming would result in a decline in the diversity of plant species within the Tibetan alpine meadows (Li et al. 2011a) . Dominance hierarchies in species composition and changes in these hierarchies are very important in maintaining ecosystem functioning (Sasaki and Lauenroth 2011) . Overgrazing likely improves the dominance of poisonous plants due to animals' selective feeding behavior on other edible species and thus contributes to the overspread of poisonous species (Dong et al. 2012; Wang et al. 2012) . However, we found that the model performance was improved with increased R 2 and with decreased AIC by narrow ranges when MALGP was induced into the optimal additive models for the SprRatio, CovRatio, and BioRatio of non-poisonous vs. poisonous groups (Tables 4 and 5 and Figs. 3, 4, and 5). We even found that the confidence bands of models that included grazing pressure were wider at alpine desert-steppe zone with GSP <250 mm (Figs. 3,  4 , and 5). Alpine desert-steppes have such low productivity (biomass <10 g m −2 ) ( Table 2 ) that local herdsmen have to grazed their animals over larger areas for forage, thereby resulting in lowest grazing pressures (fewer than 0.171 sheep per ha grassland, Fig. 1b) . Thus, we inferred that the selective feeding effects of domestic animals on non-poisonous species compared to poisonous plants might be very small in desert-steppes. In addition, mean grazing pressure at the county levels might not be a good indicator, and we should collect more detailed information on grazing timing, frequency, and density at our sampled sites for further model improvement. Currently, we cannot determine the contribution of historical grazing activities to grassland degradation and the overspread of poisonous species. The overspread of poisonous species is also likely controlled by community evolutionary history, as we found that longitude was included in the optimal additive models for CovRatio and BioRatio (Table 4) . 
Implication
In addition to climate changes and anthropogenic activities, interior regulations such as species functional trait diversity and species interactions (competition or facilitation) among individual plants within a given community should be given more attention in alpine grassland community ecology. To sustainably manage these alpine grasslands, reasonable livestock densities should be related to the real NPP rather than only to grassland area. A long-term monitoring plan should be conducted on the effects of invasive poisonous locoweeds to better understand the relative contributions of climate warming and grassland management to the health of alpine grasslands on the Tibetan Plateau.
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